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51 hmendc d) [A] The pharmaceutical composition according to Claim 50 

i~Ta suspending, preservative, stabilizing [and/or] or 
wherein the formulatory agent is a suspending, P 

dispersing agent. 



After the claims please insert the following: 



- -ABSTRACT 

The present » reiates to DNA deUvery systems comprising DNA in 
,■ with a earner said DNA coding for a recombinant chimeric receptor 

interaonom in one embodiment, the M codes i» 
m lame tor a signad pept.de component, H, art antibody or anUgen inding 
Lgment thereof; h» a transmembrane component; ,v, two or more different 
Zr s m.c components which are not natural Hnhed, and wherein at 

t one of Z cytoplasm, components ,s denved from a membrane spanmn g 

- - » " — ^ 7hC ZZ:^ —^ -tea to 
DNA delivery system as described herein. 1 tie m 

pharmaceutical compositions comprising a DNA delivery system.--^ ._ 

REMARKS 

In te Office Action dated M.ch „. ,000, 
and 11-16 stand rejected. Claims It, i, 

_nd=d to further Carify the sub.ee, matter of the inventiom aim 11 ^ 
tended by incorporating the s ubj eet ^^^ ^ -imenc 
directed to a DNA delivery system comprising DNA encoding a 
IT,! The DNA encoding the recombinant chimeric receptor comprises an 
I dy or antigen binding fragment thereof and two or more eytop asmic signalimg 
components which are not naturally linhed. The remarnmg clarms have been 
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tended ,n accordance with the amendment to claim 1 L Support for the 
amendments is found throughout the specification and no new matter has been 
Td CI- 1 to 10 12, 13, 15 ,o 19. 32, 43 to 45, 48, 49 and 52, have been 

I::::,,: pr.ud.ee ^ — - ^ » ^ - — 

to i atPr date e e ma divisional application, 
of these claims at a later aa.it, e.g., 

Applicants respectfuhy request recons.derahon of the application in fight of the 
above amendments and the following discussion. 

A petition for am extension of lime of three (3, months for responding to the 
outstanding Off.ee Aet.on and the appropriate fee ,s enelosed herewith. 

On Pnoe 2 of the Office Action, tbe Examiner is recpurmg a new Declaration tbat 
contains a clmm for pnority to application OB .525131,, m order to receme t e 
b enef.t of the filing date of the CB9526131.9 application. A new ^ 
prepaued and wall be submitted to the Patent Office upon execution by the 

The Examiner has pointed out that there are no section headings ,n the 
specification Applied respeCfuily submd that these headings are no, remi, eel and 
I ml, y suggILd by the MPK-P and 37 CP* 1 .77. Applets have amended the 
specification to include Figures 2a, 2b and 2c and an Abstract. 

Claims 6-10 and 17-52 stand objected to under 37 CPR f.75,0 for improper 
(ormat and according were not examined on then merits .„ thus Ac om A pp s 
respectfully submit tha, the above amendments to the claims obviate this rejection. 
Applicants respectfully submit that the E xam,ner withdraw the objection and 
Applicants further submit that the claims aae now in condition for allowance. 

Carrus 1-3 and 1 1-16 stand rejected under 35 U.S.C. §1 .2, second ponograph, 
f or muefuntenes, Apples disagree wath the Examiner, positron. However tn 
order to expedite examination of th.s application, the chums have been amended 
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furth =r clarify the sublet matter of ,he claims. The Applicants respectfully disagree 
™,th the Examiner's position on the following issues 

The Examiner objects to the phrase -one type of extracellular interaction" 
because the type of interaction ,s not specified. This phrase however, merely 
introduce, a functional limitation upon the chimeric receptor, namely that ,t is 
capable of am extracellular interaction. The precise type of extracellular interaction is 
no, an essential feature of the invention. This is dear from page 2, line 9, page a, 
l.nes 27-31, and page 5. lines 22-30 of the present application. Applicants 
respectfully submit that one of ordinary skill in the ar, would recognize what ,s meant 
by this term and that „ is not necessary to specify the nature of the extracellular 
interaction. 

The Examiner has also objected to the phrase "not naturally linked". The 
Examiner considers that tins term can be interpreted m two different ways. 
Applicants respectfully disagree with the Examiner and submit that the amended 
claams dearly indtcate that all the elements of the doomed receptor are connected to 
each other on a single polypeptide chain, unless otherwise stated in the claims. Thus 
the limitation that two or more cytoplasmic signalling components axe "not naturally 
linked" clearly describes the incorporation of two or more cytoplasmic signalling 
component into a single polypeptide chain, where they would not normally he found ,n 
nature. 

Furthermore, .. rs respectfully submitted that clatm 1 1 i. now directed toward 
DNA that codes, in reading frame, for various components of a chimeric receptor. The 
term "codes ,n reading frame" clearly indicates that transcription wall result m a single 
message which in turn ,s translated to produce a single pdypept.de. It rs therefore 
submitted that it would be clear to one of ordinary skill m the ar. on reading the damn 
that the cytoplasmic signalling components would be found on a singie polypeptide 
chain, but not linked as they might be found in nature. 
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th e pos.hon that th lS «™ i, when „ » submlt that 

one of sard eytopfasm.e s.gnaUmg consents ^ Apphc ^ ^ ^ 

source or ongu.. Aeeordtngly, lasmlc s , g naffing eomponents » » 

»"« " r gm , ° d I! er words, one of the eytop.asrme srgnafhng 
membrame spanmng pofypephd, * ^ polypepude . 

componen.s of the chimcnc reeeptor ,s from may be 

EK>mpl es of polypeptides from teh.eh the cy ep . • ^ ^ WMWt t0 0 „e of 

derived are described on page 7, hnes 26 to 3^ ^ 
or d,nary smi. in the art thatthese - * ^ ^ ^ of lhc 

^^^^^^^ 
term "derived from is clear to on 

— y — ranat the term , oa^f - „ dMm 14 

restnetton to the eh.mene reeeptor ef elarm ^ ^ ^ m 

The term efearfy indicates that the ^ ^ W. or , to", 

one type of e.tracef.u.ar cWmed subj eet matter as 

- — - — - thercby 

exclude non-functional subject matter, 
page 10, paragraph 2 (e.g. targe associa uon of these carriers wtll 
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carrier through, for example, chemica, bonds or clw g e-char g 

Th c ^ has a,s„ ^ * - - ^££££1 
^ has jested that ,t ,s no. dear Aether setter. ° ^ ^ 
sam e nuc.dc acid moiecu,, or different nucleic , ™> ^ 
n , releean, to .he present, claamed suh - ma e . , „ 

App Uoan,s respect revest that the Examiner — and — .he 
rations in view of .he above amendments and discussion. 

Cms f S and U-fb stand peered under 3S U.S.C 8 m. - paraph, for 
lack enablement. Apphcamts -pectfuay traverse this ration. 

or, ,he Examiner that operably linked promoters are 
The Applicants disagree with the Examm 

cntical to th e invention amd sboufd therefore he ^ „ be 

claims . While i, ma y be necessai, for ^ ^ ^ 

expre5sed ,n order that they ^"^ZZ ^ » - ™ SySttm - 
(^though they may do so, on promoters tha are ^ ^ ^ 

Alt emative,y. the DN A encod,n g the e hl m n J cep » , ^ ^ f 

DNA ^ thus - ^ ^ . recomWMnl g ene from a bost 

^forward arternabve to one of ordinal ^^J^^ dMS n o t 
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included in the claims. 

- V n that the disclosure of the present application does 
It is the Examiner's position that the cusci 

»d,o, methods of production aee described for each o 

the Carms. Per example, even though the P— * — ^ ^ 

bmdmg fragments thereof are well documented rn the art. 

frag ments are provided in the speethcahon ( see Example ,U « thercof 

— r the c::i: f e ::r:: « 0 ^ - 

also dearly g,ve„ by reference ^ cytoplasmlc 

6 . te U of the chaI acterteed and described 

signalling components, which speclflc a, 10 n. Using th,s 

fully, are described on page 7 , hnes 26 to o[ 
information, coup.ed with tha, provtded m the specific 

of DNA delivery systems across the scope 
ordinary skill in the art of molecular biology. 

Appll can, S therefore, respect,,, disagree vmh the 
*e present specmcatron provtdes sufficient describes 
t0 arrive a, the sn bj ect matter of the present clarma The pec ? 

- » — r ~o^n-ii^ *. — » - - 

lines 27 to 33, and on page 10, lines » io, 
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wt 2Q ^ present application also describes how to assess whether 
23, Hnes 22 to 29. The prese PP ^ ^ ^ ^ they 

chim enc receptors are expressed ^ P ^ ^ fof 

stimulate cellular actwation, even by the ^ ^ 

linrs l-> to 18) or, bv stimulation with a natural 0 
example, page 25, lines 1 t ^ ^ ^ & to ^ 

the surface of a particular cell t> pe (see tor 

Th es= experiments and procedures are *** ~*« ~* ~ 
1ILCS ^ , . tz),. ^rnvir m« the necessary 
add „iona, intellectual input by one sffilled ,„ the an. B ro -d _ 

.o — - '—'">' " ^ : nabl e one slclled in 

that the present application clearly provides sufficient teach.n, 

the art to arnve at the functional chimeric receptors. 

, ( , 10 of the Office Acfion, the Examiner states that there ,s no precedent 

cellular activation. Thus stateme d£umcd subje ct matter, 

enablement, but in fact, serves to highlight the novelty 

Exam p,e 4 on pages 31 to 33 of the present ^~^Z cell, though on 
loca ,, z at,on of two cytoptasmic ^^.^^r^, when st , mula ,ed 
different receptors, resu.ts tn eel.ular activation ,1b ™du , ^ 
„tb antigen positive cells fsee figure 1, and pag 3^ > ^ ^ m 

sufficient to promote or mim.e cellular activation. 

D esp,te the extensive teacbtngin the specification, the 
have difficulty tn env,s,on,ng ho„ these examples aue pre .crive , 1 
the invention claimed. The Exanuner appears tc i have b « ^ J ^ 
statement that the physiological art is recognized as unpred.cta 
not applicable to the current invention for the fcHowmg reasons. 
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,,,„ 1994, Cell, 76, 263-274, 

and references eited therem) reveals V P and the 

e^p.e, theTC R ,CD3 conrple,, B-ceU recep or com * ^ ^ 

^ — <* - - — arc r: n :: r l ^ 

rMdl , apparent to one of orc^s „ of those „ h ere the 

*«c zeta chain receptors of the pres )asmlc s)g „alhng 

ze ta ch,n ts substituted for snch a function* strn. aa y P ^ ^ 



Examiner's reference 



,e 5 ,see page 34) demonstrates that CDS and CD2 ntay be 
Similarly, exampfe 5 ,se p I for 

considered functionally equivalent to CD . 
from CD5 or CD2. 

constructs as clarmed will be functional. 

— 

rejection. 

. . eri ,i]SC 5102(b) as anticipated by 
Cairns 1-5 and 11 stand reeled ^ ^ rejectlon . 

Capon et al. (US Pat. No. 5,359.046). Applicants respectfn 

The recombinant DNA described by Capon 
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Slngle cytoplasmic s, g nm,m g domain. ,n contrast, the recombinant ^ »' "«™ 
encodes a signa, secure, an antibody or antigen There ts a 

dear difference between the two recombinant DNA molecule , . 

, , ■ a DNA must encode two cytoplasmic signalling components on the 
enrrently Cmmed DNA » * «» ^ ^ DNA described h y 

same polypeptide chain. Cells transioinic 

Capon et al. may also contain farther cytoplasmic s.gnallrng components, u. these 
I, present ,„ the same polypeptide chain encoded by the recombinant 

T he amended Crams recite select matter not disclosed in US-A-5,359.046 and 
arc JlrTno, anticipated by th.s reference. Applicants therefore, respectfully 
request that this rejection be withdrawn. 

^ II S C 5102(b) as anticipated 
Charms 1-5, 11-13 amd 15 stand rejected under 35 U.S.C. § I 
by Peng et ad., d. B.ol. Chem. 1995. Applicants respectfuUy traverse this rejection. 

According to Feng e, a,., TGP-P has two classes of receptors, type 1 and type II 
Feng et al. describes the construction of chimeric receptors compnsm the 
— and transmembrane 

ZZ from natural TOF-p receptors and ace no, antibodies or 

Igments. Thus the disclosure of Feng et al does not -^^^ „ 
claim 1 1 is directed towards a chimeric receptor where the extracentrl 
antibody or antigen binding fragment. 

, „l onlv describes a chimeric receptor polypeptide 

====== 

current invention and those m Feng et al. clearly sno 
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« completely " and, — e. the present .rums ^ ^ 

reference. Applicants therefore, respectfully request that th.s rejectio 

Clmms h5, U-,3 and ,S stand routed under ,, U.S.C - 
by Melson et al., Nature ,994. Applets respectfu.ly traverse tins r.echon. 

Claim 1 as amended recite. DNA encoding a chimeric receptor where the 
bl „d, n ::mponen, ,s provided f or bv an antihoc, or art ant„n hording t ra g ment. 
Nelson fails ,o teach the presently claimed invention. 

N e,son et a, descrrbes chimeric receptors where the ««-»^" " 
de r,ved either from c-h„ or GM-CSPR. These re g ,ons are — 

a art oc the binding components m the clumcnc 

The present e.aims are, therefore, no, anttetpated hy Nelson, Applicants 
.ereforispectfuny request that th.s ration he reeonsidered and —wm. 

a quiqr 8102(e) as anticipated by 
Claims 1-5 and 11-15 stand rejected under 35 U.S.C&IU^U 

Ruber, e m ,US Pat. No. Apphcants respectfuUy traverse this reaction. 

Rob erts f ar,s to teach the present, e.atraed invention. Roberts et al. suggests a 
east numher of poss.hle alternative individual and ^^ZZ* as a 
eomhinations thereof, for ad, of its chimeric receptors, on o whm r^u 
speculative cartoon ,n Figure ID, However, Roberts et , do not desc 

in rlaim 1 1 One difference is that the 

—ton ° f " r: le ultfy Canned invention ,s provided by an 
extracellular binding domain of the curren y extra cellular binding 

domain of the receptor shown m Figure ID is pro 
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„■ h an accessory molecule to foreign antigen recognition in T ce.ls and is 
of CD4, which is an accessory mu^-, 

not an antibody or antigen binding fragment. 

Non e „ f th c other spe* dilutes ,n the ^^^^ 

^.rrr^,- — — 

req nest that to rejection be reconsidered and withdrawn 

j Aor IISC 5102(e) as anticipated by 
n^ms l-5and H-lbstandrejectedunderS^U.S.' . S i U 

Seed TuS Par. No. — respectfully traverse to rejection. 

AppHc^ disagree tha, Seed e t ati Csc.oscs the P-nt inborn Sec. 

„f chimeric receptors comprising a single cytoplasmic 
describes the construction of chimeric re p ^ portlon of an 

^ajling domarn, a transmembrane domain arrd fte esent 

hnmunoglobulin superb prote.n. In contrast, «=^»^ ^ ^ 
mcention comprise more than one cytoplasmic soling comp t 

-xrcytop, 

signalling component m Seed is present twn cvt onlasm.c components 

Th ere is no d.scfosure of a chimeric receptor containing two ytopki 
(su ch as two tyrosine kinases or a tyrosine kinase and a porfon 
polypeptide chain, as presently claimed. 

Accordingly Seed e, al. does not anticipate the invention as presently claimed 

npphc::;!^, — - - - — a Md 

withdrawn. 

Th e ^ reference to clarms 32 and n 2 paragraph 
OfT.cc Action, i. confusing and unclear. Thus, Applicants have no, addressed 
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statcment by the E — , However, Applets -eree ther. g ht » " " « ' 
la ,er tone, if the meaning of thrs statement i. farther dartf.ed, 

c ,„ m , ,, an, U-.6 stood ^c, „nder 3S U.S.C. ,.«*, ***** * 
Capon e, ad (WO 96/2467.,. AppHcants respecthdly traverse tins r.ect.on. 
96,2467, ,Cpon e, a., a>so fads to ant.c.pate the present tnventton. 

wo 95/24671 deserrhes a naulu-spectftc ch.nrerrc receptor that «P'-« 

' ii TV.PCP rlnmains are clesciiDCU 

■ „nth the binding domain comprising at leasi iwu 
domain, with the binding ^ further Qn 

-Pensive clustering domains (BCD s) (see a m the invention , the 

P^e 5 of the International Application an , ^ must have a 

combination of ECD's must be multispecific (MSECD s) i.e. 
different specificity (paragraph 1, page 5). 

♦ I*;™ 11 describes recombinant chimeric receptors 

binding fragment. This is clearly components 

or ECD's. Present c aam 14 ct tes t ^ In othe r words, the 

chams as socrate to taP, ^Itndh. eomponen, of the present* alarmed 
component parts of the extracenu i6 tQ 

mention are monospecific, i.e. have the same ^^^LL the receptor m 
24 and page 3 lines 26 to 31 of the specification). This 
WO 96/24671, which must be multispecific. 

Prrrthermore, tended clarm 14 reettes separate DNA se.neneea wher , ustng 

96/246 71 ,s a stngle po ly pep t .de eneoded by a smgle DNA. U „ q u 

th at the present tnvendon ,s novel, and not anticipated hy WO 96/24671. 
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Apphcants therefore, respectful* repuest ,ha. th.s re.ect.on be reconstdered 
and withdrawn. 

In „„ of the amendment, and d,set,s,„n above, ,t rs respectfol.y sotted 
that the present apphca.ton ,s in eondtdon for afo.aoce. An early — ^ 
and nodee of allowance are earnestly sohcted. Shotdd the Exammer wrsh ,o .scuss 

He above amendment made hereto, the o„ders,nec, attorae,- would apprecote the 
Ippnrnmhy to da so. Thos the E.ammer » hercbv .netted n, c„„ the onders.ncd. 

collect at the number shown below. 



Respectfully submitted, 



Date: September 21, 2000 
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TZXZw". «• antigen-specfic ceiisotuiemv 

Specific rasponses » patnogena or !o«.gn 
nmA* tnatrecaptors cn mesa calls recognize ma anagen 
initiate a series o. aigna. transau«r.,on event. 
Tnese s^nais are fundamental wm .n developmental «■ 
c^cns ana ,n ma miration at immune responses oy S ana 
Tcaits.Herev.ftlocusonrecamprogrMJinunaa.swianq 

new T cm anugen receptors (TCRs) iniuate signal Ttans- 
!£Ln nana mat lead » cettuar responses. Vvneri . «- 
propriaie ana possioie. parallels ana contrasts w,m mc 3 
cat system will oe discussed. 

T arte B ceils nave structur any ainerem oncomenc ami- 
«n receptors mat recognize fundamentally d*unct forms 
at amrtene. a cells tuncuon to proteci me nostfrom extra- 

cet| U l^P«noS9r«.-r« ir ^ e P ,D,3t ^ ,c3llyree09n,zena " 
tiva « aenauired tanns at proteins or canxmyaraies a 
■owm particulate, of awwoune torn, in contrast, me ■ 
cell system protects me nosi against T.traceiluiar pamo- 
oens TCHs recognize proteolytic*^ precassM snon 
a- i5 ie*dues) pepuoe antigen: Souna to salt nwior h.s- 
wcomoataiicy complex (MHQ molecules on me surface 
oVan anugen-pteseruina cel.. Thus. 3 ana , ceils recog- 
nize arstinct tarms ot antigen using very aitlerent raceo- 
nt Renwhaoty. the signal iransaucuan events mat ra- 
»K t,om ma interaction of meir anugen receptors *«ui 
aniigen ara quae similar. 

;n aaaiiion to ma antigen receptors, oilier moiecu.es 
conriDuia 10 cell activation- first. Py tuncnomng as core- 
crptors 'eg CO*. CDS, CD19/CD21); sacona. Dy n- 
c'reasmg me avidity of me ,meracson witn anugen or ma 
aljen^esanung call (e.g.. W. or. mw. a, .racing 
Moarate *gnai transducaon svents mat inlluencame Ml- 
War re50or.se (e.g.. CD2S. CQ4Q). Corectptors. :ucn as 
S or COB m T calls or C019/C021 <n 3 ce.is. are o 
particular .nteresun me context oi anugen receptor signal 
uan-auci.on. smce may directly oomr.ouie » me lorma- 
uon'o, ^compie* Petwacn me ani.gan .aceptor ana in. 
inugen complex, mereoy -ncreas-ng me sens.uv.y o. me 
.memcuon. Tne coreceptors ai« eontnouie to me ,n.h.- 
uon oi s^nais. as we w,« aiscuss obiov*. 

PtwwHyfosw pnospnoryiauon is imponani m me .n.u- 
iuon ol ce.lu.ar responses oy amigan receptors on a-mer 
aorTceiis.Ne.mermeTCB nor in. Been ant.gan receptor 



iBCR) nas intrinsic ?TK activ.ty. aom appear to act.vaie 
cynplasmic PTKs, atmougn aiieast onatyrosma phospna- 
lasc C0*5 isalaoiinportantlnraguiaiingantiaenrecep- 
w^'neucea signal transaucaon. Memoers at wo owma 
dassM of PTKs. of ma Src fam.iy ana ot ma SyWZAP-iO 
family raveDeenimpscaieoinTCnanttBCasignaltrans- 
Ouction. Trwse distina KTKs interact witn me TCH ana 
SCR as watt as vnm each otnar. 

Tn» events aowrmresm ot orasuHyroame pnoapfwry 
lation following TCH or BCH anmuiauon mdu» me acava- 
tionof mepnospnaBOyiinositoi pamway. activaton ot Ras. 
ana activation ot several sennerthreonina protam lunases 
ana pnosptwtases. These events nave Daen causally re- 
lateatoavanatyof responaas. ofv-nienma oasicnaracer. 
iaa a ina iranscnpLonai irrtuction of me 2 
auTa gane in T cete-idur unaerstanamg ot me cauliea 
'..nwnnotecuiarconnaet.ons oetween me early avants ana 
later eeumar responsas a rapiaiy evolving. 
■ Tne interpretawn ot me s^nai tranaaucaa oy me w 
gen receptor nay airier, aepancng on tne aevetapmemal 
saqa ot me responding call or on me cellular eoffleat at 
"anwan recognition. ?ar instance, signal transauct,on oy 
ma TCH in aeveiopmg mymocytes can lead 9.mer to pre 
grammedcauaaam^apoptosis) or » seiacuon. aepeno.ng 
on me antigen speci.icit, ot ina TCR ir. mature T ce is. 
TCH racognuion of anugen can laaa wmcr w cfterenw- 
uon ana proi.ieration or to a long-l.ved state ot unrespon- 
.^enassianergyj.oepena^gonv.ftemerapprGpr.atasec- 

ona (costmiuatory) signals are prov.oaa oy " l0lec "' e = 
sucn as CD23. wnicn ggnea *«U» °" am "3 ,n ; 

presenung cells. Tn,s rav.av, w.ll tocus on me D*cnem.«l 
events uiaucea oy ma anugen receptors. «nareas otner 
in u« ,*ue *n aaares, m. ainarem responsa, 
L lympnocytas «n maxe to mesa signals, oepanamg . 
on ceveiopmentai ana cellular contexts. 



T and 8 Call Antigen Receotors 

Tne aoiMy » recognize a va»*ray « 9™°*™™* 
ore^Jpstancesisina^ponsmiiityotantisen^pec^ 

rec i e»pressao on T ana 3 cells. 3otn tne SCR ana 
TCP nave senate antigen^.naing ana signal imufluc 

aotDeexprassea,naep 8 naantiyatmapia«namemorana> 
ou must lorm a complex witn me .nvanant ew«!» 
lor receptor signaling Tuncon W^:™^ 

CD3t ana CG2 T cnaini ana a ; cna.n<onta.nmg aimer 
,wn«n may consist =1 nomacm..* or neteroa.m.rs w,m 
r o T^B.y «««,. n « oeuaveo mat eacn T, suoun, u> 
Lsociatea w,m a ana a C03rr o.mer. «™ 
^« s»icn,om.«ry of me cnams w.mm me race «js 

invariant mams are con^aeraaiy largar (40 w "3r« 

»• responsflie lor couolmg me Ti suPumt to me mtraceiiu 

tar signaling maenmery. „„,,sim. 
Tne BCrt memDnne .mmunogioBui.n |ig) suouiw .a s.m 
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HI* 



" tt0C f ,a r UK^fne S ^na suDunas. m* iga an* 

S wn*««« m8mwane 19 cna,ns a r, 

hcb Btnt cytoplasmic *<Jnai.ng app«r*us 

proteins lirvmg and weiss, 1<N2 - RQrn eo ana 

», «i i993- Utoumeuf ana Klausner. 199Z, nomeo w 

cSSfol tnos. ooserveo wim intact o.igomenc re- 

"Z%p««» »*— o> tuncuon 01 "SSS? 

111 T ...v,^ m was recently reviewed (Weiss, 
1993). By , m „ si pr0 , ein , to intracellular 

S^XEKS! sin, o, the mot„. « 
PTKs. TM consists at P*«« tyiostnes anfl 

^XraeXX^eutasmean^n-ecog™- 

SSnmota<ARA*,.wh^^^ 
n » me wrosine-oassa activaUon motit (TAM) IS*™' 30 " 
^ZsSTlSJBJ or tne antigen receptor homology m 

• » H^ent ra couoie cnimenc receptors to early ana late 

« is ... — 

ganiz auonotmegen. ^ a 

invariant cnams ot ms I »-rv 



wa tna la tem memorane pro*. 2 ^.^^JS 
f?mT« ai 1993). Tnus. tnese two v,ruses may nave 

^TCin receptors to maun B cell acwauon. 
nS^rLecepBrrwesmepossiteutytnai^v.auat 

Xmai interact s-gnalmg molecules, » 

Ser^ever.wh.tnertrteu.nerentp.uamsot^. 

^ Tnospnoproiete mat have oeen opseryea reflect 
rawer than quautative. effects i,UWurneur 
Muttmer«at,on ol ARAMs may also 
me^ns ol signal amplification. The immune ays- 

r^S^rrom patnogene. ""-^"^ 
^onu a tew rtundrea relevant pepw* anugen/MHC 
°^ I™mriex M arep t «amonanantigen-preseni,ng 
SStKS uS.. ^90). Tnus. redely tew 
TCHsare engage y* BS nso u ci«jn events 

S o ; Receptor, neea to Pe amp.it.e*. m 
«rTof m,s construction ol a crwnerfc r««P<or wan 

were more actw. man cn«n«a* conuuung a 
S^opy^me aRam arving « a ,.. 1993; Wegener « 

at., 199ZJ- 



Tne TCR ana SCH interact witn Distinct 
SfmeVXrme BCR-Punitsnaveintnnsic PTK 
o f TS funcwn. Since ARAM sequence, ». nec«- 
iSwd suffice tor me induct.cn ot P»»^™*« 
^sonorviauon in T ceils, il « liheiy mat im ARAMs mier- 
STcftS^ cytoplasms PTKs. CD3 ano ; cna.ns or 
SrSS cZ tnair cyto Pl asmc acmains co^mu- 

™^Sn^= 

'»aaS effe«or moiecuies t o tne sum-iateo recep 10 r 
via SH2 (jomain-pnospnotyrowne interactions. 

-^tisses ot cytoplasmic PTKs. memPers ot tne Src 
uXSSZSTR*. nav 9 oeen impucatea in^ne 
ana syiu^"' Tnese classes o) PTl^s 

tune t.ons ot T t C ^,^; e i ecuneir o— tunc 
aitter m ways Uiat are uneiy ■ io i N . lem imal ao- 

ma ,n win a mynsiyiaea gtycme a , po» ,w an ^ 
.eeponiiDi. for memorane assocwon irv «™ ^ 
ana ZAP-70 are not mynstylateo ana nence are P>™ ' 
S^uvy iocaiaeo at in. p.asma memoran. . > ne 
Sy^P-70 tamily m.mo.rs nave two N-termma. SM2 oo 



BEST AVAILABLE COPY 



1HH0 11:19a. Frat-aRPwA RANSFORO +0207«1«501 % T-3J1 P 16/25 F-75B 



2S5 



mains ana t C-termmal cawiyuc domain. Put lacx an SH3 

sine phospnoryiafon. whicn are cnaracter.su ot Src fam 

^Ts^'famity memners are generally jessed in 
mostT cells: UK. fyn, ana Yes. At present, we best oocu- 
n^uflmWforaSrcfamiiymemMrinwflntlUBr^uCTon 

™?ce..s !« m« of lck Tn,3 PTK interacts at IJ«* 
ometrv wn tne cytoplasmic domains of eitner of me core- 
™ SKr cob (— oeiow) (Ruao. 1990: Vei>.ene 
«al. 1991). Aimo-oh w increase in U* Kmase acuity 
Rawing TCR stimulation has bwi reported (Oamettan 

Muno naa oaen more consistantly observed (Vertiette « 
iTKmanca CU4 or CD8 coengage MHC molecules 
win the TCR during antigen recognition. UK would be 
^ooMioARAMtwiuiinmtTCR.po^r.w^ 
titt* pnospnorymt.on. Cons.stent with mis. annoooy cc- 

pnospnoryiauon of cdiuiar pronms iwoaoir et ai. 

^ 'appear* to oe ao.e to interact yhhi me TCR cnains 
.naependsmiy ot C04 and C08. Studies of an UK Kmase- 
«,ic*nt mutant can lirw snow mai me CD3- and Vasso- 
cated PTK at**.* >■ dapandam upon u* (Straus and 
weiss 1992 1993). in NK ceils, lck can intaranwiUtme 
in me FcR T IU (S«ce4o at *. 1093). TnuS. UK 
ma- nave an intr.nsic ability to interact with ARAMs in c 
or C03 cnains mat can function as ,ts suostrates. Alterna- 
tely TCR ligation or cross-finning could induce mter- or 
tnt.amoiacu.ar aggregat.on and/or atlosteric changes o 
me ARAMs. rendering them more accesa.Ua sudsbwm 
tor memorane-associated UK. TCR aggregation J" the 
aDsence otcoreceptor engagement, could srurtan ecu.no- 
num between Lck ana cellular pnospnatases that act on 
ARAMS .0 favor pnosphorylanon o! tne tyrosines wiuun 
;ne ARAMs Phosphorylation of tnt ARAMS could men 
lead 10 recruitment ot other molecules, sun as Z«P-'.° 
(see Delow), involved .n signal transduction. 

Tne functional significance ol UK in TCR signal trans- 
paction is most dearly mnicaiad by genetic studies .n m.ce 
and In c«i lines. Mice deficient In UK or expr.ss.ng a 
dominant negative Lck transgene nave an antist eafly ,n 
mymocyte development, and me few peripheral T cans 
nat do develop nave d.minisnaa responses to TCR sum-- 
^on^inat a i..l993:Mo,,naeta..,l992)lnaTcel.Une 

adidam in u* Kinase function or a T can clon. , «toem 
^ lck. early and lata events assoaated witn TCR signal 
^Suction are aorogated (Karnitz et aU. i992: Sua* 
anoweiss 1992) conversely, overexpresaon of an aetr 
vaied lorm oi UK (tna Y 5QSF mutant in me negatwe regu- 
,atory sue) in a C04.aet.cent T ceil hyOndoma potentiates 
TCR signal transduction in a manner analogous to t.b 
effect ODserveo win expression oi C04 m me same can 
(Abraham et a... 1991). Tn.s erect squires mat tne lck 
mutant nas intact Kinase tuncun. Couecuvely, was* siud- 
;« suggest mat lck plays an important luncuon -n me 
Mtaum ot TCR s.gnai transducuon. 

Genetic and biccnem.ca. stud^s 
tor Fyn >n signal transduction m T cells, ryn PTK aenrty 



increases(2-io4-toia) in response to TCR stimulation (T »y- 
ganKov «t ai„ 1992). using sensitive in vitro Kinaso assays 
and mild detergents for soiuDinzation, Pyn PTK activ.ry 
nas c*en oetectsd in TCR immunopreeipiiates, aimougn 
tne assoeiation is of low stoicntometry (Sarosi et al., 1 892) . 
I n mrca m wnien me fyn gene has bean disrupted Dy nomoi- 
ogous reeomDination. no gross T cau envelopment*! alter- 
ations were oaserveti, suggesting mat me events associ- 
ai«d wim TCR-med.aiad positive ana negative selection 
can occur in mo absence of Pyn (Appleoy « ai.. 1992: 
Stein »t 81., 1992). Thymocytes in such mica showed a 
TCR signaling detect mat was mosi pronounced m me 
mature suoset, Out v»as less so in m« immature TCR' thy- 
mocytes and peripheral T cells. These ooservauons sug- 
gest mat Fyn may play an important role in TCR signal 
ranscuctton in a deveiopmentaily restricted T cell com- 
oanment Consistent with mes* findings, fyn h« D«en 
Tom to interact functionally win me TCR complex, as 
jno-r witn UK. oYOro*pr.s«;on ol an acuvated torm 
of Fyn (ma negative regulatory tyrosine was mutated >o 
pnenytaianme) increased tne sensitivity of a T ceil nyor.o- 
om » ,o TCR summation (Dav^on etal.. 1992) Increased 
expre3s l0 n of wild-type Pyn in me tnymocyies ot transgen.c 
mice also caused hypenesponsiveness to TCR st.mula- 
uon wneraas aKinase^ei.oent form of Fyn was inhibitory 
(Cooks si at. lasi). Tim-. . - =r^— » M mv0,vea in 
TCR signal transduction m at least some ceus. 

As in T cells several Src family memDers, Lvn. BIK. Fyn. 
and lck, nave Dean reported to associate witn tne BCR 
(Camoier, 1992). Tn.s association appears to involve me 
ARAMs ot ma tg» and igfi chains. Sucn associations vntn 
V\e TCR or BCR could result from an interaewn o«w« n 
a Src family PTK and its suostrate (lyrosmes in me ARAM) 
or an interaction Detween the SH2 domain ol the PTK 
and a small percentage ot aRaMs mat may 6e tyrosine 
pncsphorytaiea ,n tne Dasal stale (NaKayama et al . l^ea, 
van Oers et al.. 1993a). 

Whereas me natu.e of me interaction of Src family Ki- 
nases witn TCR and BCR complexes * Hwefinea. me 
as soDationDetweenSyKor2AP.70andARAM^nia.ning 

receptors is we.l estaBLShed. 2AP-70 is a 70 Kd PTK ex- 
pressed sxclusively in T cells and NK cells (Chan ot al . 
1992) whereas SyK. a 72 kd PTK.-.s expressed preteren- 
tally m B cells, rrryeioid ceils, ana thymocytes gamguch. 
etai 1591) 2AP-7Q is not associated wim ine TCR in me 
oasai state, Put is rapidly recruited to me t, ana CU3 chains. . 
toiiowing TCR stimulation (Chan « al . 1 991). It only asso- 
ciates wim me tyrosme-pnospnoryiated forms of ; mat are 
lound witnin me st.muiated fraction ot receptors. Stud.es 
cnimenc receptors snow mat ZAP-70 requires ne 
ARAMs to associate w,tn ; (irving et al , 1993). Tnus^ tne 
suuctural features required tor ARAM tunct.on are tne same 
elements requ.red for ZAP-70 associauon. It .s bktty n-t 

ZAP-70 to tyrosme-pnosonoryiatea aRAMs 
wim m,s. ZAP-70 SM2 domains expressed as o»=^ 
ius.cn prolans .r.taractso w.tn pnospnoryiated cw » 
; cnains trom iysatas ol stimulated T cells (Wange et 

l9 ?nese results Suggest mat tne TCR interacts with !wo 
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Receptor 
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ARAM 




SyK/ZAP 



LaRaM. vii Src PTK B»p»na»n< Mrtwsm 

„ APAM. « 1Ilofwiino>ll « W e«wr««ftg»o««wn.»t*-u 

Mt Mil pnotpftorylaWWl rswurs yy 



PT»<s S ^enua lly lF g ur 9 2).Oneo.m. S e_P^aD,yaS.= 
f- m ;iv memner first phosprtorylates me ARAM, result 
•^cr^S" ) ZAP-70. v.a m SH2 domains, to me m*m- 

iaTin a newrologcus Cos cell system, m «h.en me asscaa 

^.pwr requires me presence of or ^ n 

r ^ ° 992) TIM «pr«sion o. e.mer of iht Src PTKs, 

SSTSwit a; UN. etoicniometry. Tnis ,s 

JS? one function of UK (or Fyn) iymg up**"" af 

■zaP-70 m TCR signal transduction. 

^8c S^aKo^ 

JmLnen s of We SCR complex (Huicncmtl « al.. 1 991 )• 
SSSHSi- conuming j9 o and H» Wj-^ 
.„,.«<• can ds inaucad to interact win 5yK [w « 

5a manner analogous to me »,«ract,on of ZaP-.O mtti 
, u rn» or CD8 lails io mimic TCH Stimulation vuc- 



ooaMty ma. me interacts oi UK witn tne TCR ana 

u* or Fyn cn.meras fauea » induce *»™ "*™ 
SsrLcU out awregauon of itner SyK or LAP-70 cm- 
merasmQucedea.cium.n«e a s» Sl anmd,caiorotP^a«, 

ana simulation oi SyK dwnew nducad prote.n 

nrfitftn-rvrosine pnospnoryiauon Dy tne ZAr-/D cn mera. 

Fyn cn^era ime UK ctvmera v,as not tested). The** 
2£Ss J. consent «.m me r.ndmg mat Cos 
Stecwim^Oateo^uu^or^ntor^ 

induction of PTK a«vi.y (Chan « a. .. W Couec- 

5 these «udMs Sugg.* tnat SyK ana ZAP-70 nave 
oSn l«ers,gna. transduction events ,unc " 
wn ot ZAP-70, n wan. * "^«'« ea °* "* Qr c Pyn ' SM 

6 °j5S,unaion may oe regulated o* UK or ***** 
er ai ways. First, asd.scusseo, .tsr^uiimemtomewm- 
J TCH is dependent upon UK. or pemaps, In some T 
«ns upon Fyn(Cnan etal.. 1992). Tn. S probaoiy mvoives 

.wtd fonowing TCS sumulation (Cnan « ^-.^J™ 
rouifl do due to .ts erect or indirect pnospnoryiauon Oy 
SSrSJS « ^phospnory-auon. Tn. eftect o« pnos- 

^kLi of me SH2 domilns oi 2AP-70 witn xyrosM 
SpZia ARAMS couid. - aucteric cnanges £ 

could Jso -eoulate tne actwity of me Src .am- 
Z £L Tnese comp.ex interactions may a.so occur oe- 
t«*en SyK ana Src family F-TrVs. 



Coreceptore Contnouta to Antigen Recep:or 
initiation 0 f Si 9 nal Transduction Events 

S Sio™ amruty interactions and tow 

Z antigemc receptors. Tnis hand,cap may 
Leremprim^.rnrnunerespons.spnortoaona.expan 

sion of ceib w,tn Wgn atliniry receptors. Bom B jm^t 
Mentor occupancy Mecnanisms underlying sign^ «n- 
fne-emomcuIesareexpresseoonimrnatureTCR-Maring 

cyiotoxiC. 
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Raw, S. Coreww Funcwxw _^„ ll3ltC , 



C04 and CDS have two Key elements mat hkkw mem 
reqair* of a coreceptor ^ * Hr*. 

hu*M lo tne 92 segment ot MMC class il. wnereas CDS 
SS S ne o3 Anient of MMC class 1 (Cammarota e 
2 Korig « at., 1992) Tne» rm.mc.ions permit 

^iSoS o nl 9 - both TCR ana CD. or CM- 
w same MUC molecule, a requirement «r coreceptor 
rn .Ivaiopm.rn ana in T Ration gj« 
8 , ,1 19S3). Second, as mended wove. t»m CD* and 
Swtttf » i« cytoplasmic proto.n-tyros.ne tan«u* 
SmuSh a cysteine^nttuning motif snared Dy tne.r cyto- 
Sa^nTc £ (Veilieue « aL. 1991). TOs *wcw 
KmS tar effective signal taction at lo* anugen 

nausetal 199V. Zamoyska at au. 1989). 
TSawiwias suggest m« lcx nas two oonnet tunc- 

may occur inaepenoenUy of corecap^ 
nvowes locafeauon ot erratically «« 
jSfo » tne TCB complex, wnere a ac« ean> - « M 
ianaKng pam-ay. most likely pnospncryiaung tyros.nes 
3SSKuSf*«- CD3 ana < enin » 
complex can determine the responsiveness of tne ctctp- 
m» oe limiang ana. hence, may be sequestered fmm tne 
v anO«rs etai.. 1993b). unaar sucn c,rcumstanc e s.s«mu 

u*on of ma TCH in me ansence of coreceptor angage- 
rntrelinaimW S r«r SS p=n S e S .S,m 1 ian y .mea ; m,n. 

Sea TCB responses of single po^e ™ W M ° 
Wn-aetident rn.ce may retieci tn. lacK of «*«iaw* «* 
Sause Of sequestration by CD4 or CD8. Fyn. msteao ot 
°" may mTn represent tne predominant —J- 
associatea Sic Kutas* mat is accessible to ne aRaMs 
vtfen the TCH is st.m».ateo in tne absence ol co.eceptor 
sngagement ajsocmuon w,m me TCH may 



negate s,gnai.ng. or innid.tion ol T «.i act.vat.on wnen 
CO* is cross-wwd »Hn antiooo.es pnor to TCH sumuia- 
lion Indeed apaptosisofT cells nas Been observed unaer 
tnese circumstances, ana u nas ceen suggestea mat ims 
may oe a mecnanism W Hiv-meoiaied CD* T oat aepie- 
tien as a consequence ol viral anveiope binding to CD* 
(Sanaa et at.. t992). Wneinei negative signal.ng involves 
sequestration is. ho»ever. still not clear. Negative Signal- 
ing n»y reflea a prim^ig eftect ot tne action of LCK 
Kinase (unction pnor to TCft signaling events. Altema- 
ii,elv it coma atpena on outer awM»>ues aseoaatea wiin 
UK sucn as pnospnatidyimositoi 3' Kinase (PI 3' Kinase), 
wmch nas oeen snown to Dina to tne SH3 aoma.ni of Src 

S m« ^ - - 1993; pra5aa et ^SfL, 

The secono tunction of LcK in corecepior-asswtea T ceil 
actwauon is to coordinate .niaraction ot tne TCH ano core- 
eeptor -iw a single MHC molecule. At *nat normally may 
be ummng concentrations ot CO*. tn.s pemtiB the core- 
ceptor \o ignore „.eiev*nt MmC molecules and » Se 
focused only at tne *» ot me TCR-anngenJMMC » 
acton tnus conuiDuwg » tne overall avidity ol tne mtarac- 
lion ana faciiitatmg signa. transduction. Early stua.es sug- 
gestea mat CD* Become* associated w.m ine TCH 
complex arter treatment of T cells v*n anti-.CH or anir 
CD3 antiD00.es (S*iawa et a... 19871- This assooauan 
„as touna to require an intact CO* cytoplasmic domain 
tnat could ana u* (CoUins at a... 1992). Recent resets 
suggest tnaitnisinduceareastriDutionofcorecfptorpiays 
a Key roie in coreeeptor-oepenoent responses to antigen 
and mat il is due m large pan to protem-prote.n imerac- 
uonsmea,at 6 abyineSH2domamo,CD*-assoc,ateaLCK 

(xu ana Unman. 1993). Thus. CDvassooatea UcK can 
unction even .n Hie absence ot Kinase acfeily. Butom 
activity require, anintact Srt2 aomam. Moreover, deletion 
S cata^ic comain of a******** 
S u l „inevennignera,tece P torac,,v, ( y.Tne S er 8 ^t S sug. 

gest mat the SH2 aoma.n ot C0*-a«oaated ufc naia . 
critical lunction tnat M masKea in tne presence ol tne cata- 
,yWdoma.n. possibly owing ^...w—iecuiar mteracons 
mowed By tne C-termmal regulatory tyrosute (see *t- 
aasion on CS*5 ano Csk lunrton dhow), wnen access^ 
we tne SH2 dorriaut ot LcK may interact witn pnospnory- 
^ components ot in. TCH or w,m TCH-assoaated 
cvtosKeiatal elements. Tn,s m.gnt aid m ancnonng 
tne sumuiateo TCH «th, n oia »sme ougamaw 

"Sru* can provide two funewn* the Kinase activity 

pates in tne m.t.al evems ot TCH acuvtwn ^ os ^ 
laung ARAMs; as the st,mula.ed- S tate ot tne . CRcontP^ 
nTaiLs tne 3H2 oomain ot CD*-assoc,atea lck » en 

Sfets) witmn tne complex ana tn.s men serve, 1 1 ancno 
CoT/lck to tne .untuiateo TCH complex. In m. 
otticency ot ant^en recogn.tion ,s potentiated oy oc^ 
rngporeurKKmasetotneTCRcomplexandOyincreasmg 
mlavid-ty of tne TCH-MHC mo,ec ul e interaction -n s^ 

consistent witn tne onservauon mar C08 av.o, yjo K ^ 
I MMC molecules can oe mcreased Dy TCH sumuiai 
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S^omenon nas no, wen — ^ 

to bind LCK could effectively rescue T 
mam and unaoie to Bma .^ n4 _ fl . ficla _ t m|cei Tm» re- 
aper m ^^l^SSJSS--". w 

sistent vntn trie notion w<» 19931 Car*- 

S-MHC interaction 

„£ petween positive ^SSU^^ 

Hearing * specific T cell receptor « . ^; vesel ec- 
MM CaaKimoiecuiesana n o<ma J CBll (Le * 

t^oimace^m^ 

o,o tor negate *™°V*^M me concen- 
C08 macules increase '^"S^SLconwwni 

permiis survival a( a Mn »'°" Q w otnerwse 

Syw witn receptors Mr s «^«^ u J „ l993) . 

m deleted in mymic ^^"^uaW °f me trans- 
How increased avidity modulates me Quality 
ouced signal is not y« unoetsooo. 

are mecnanums for ampirficat.cn {ofn , 9a 
me BCFt. This too* involves a "^■^"^^U „ 
JSm and CO*. W^J^n^SSt- 

as ducussed above, nrougm 
m T calls me earecepwrs and trie ilh a™ j" 

UnMng ot me 3urtace 0 ~l iin# ^moieies contacting 
acnieveo by cin-wt* to ,mmu e comp » w8t 
com antigen and complement P ™^. r « f staDlitZ8S 
Q ,nd 10 C021 - m T iympnocytes^ me «<*° p « ftal 

transducing macn.nery 01 tne recepw. 



anotner Src f™* ™ ^ i in aod.uon. anu-19- 

me,M ^.f.,^ « CCM and by 0 ^^^^r 
P ^t"^«evTamacon S en S u,r^xaYXXM(Tuve- 

Wn Tl f 99 TIn en can associate v-.tn ttte Sri2 oc, 
5p JXT Acuvaucn ot PI 3' kinw nas been 
mW i ^nwatea upon BCR ligation -.Sold e, al.. 

laiion. 



celts express a 2ZQ *o l5U1 " T va[ , cuS 

.soforms dist.ngu.sn T noipen ^ "J J^, at isaav 

w - 1993) ' 1 t or a ceil lines aet.ciem m C0a5 

Genetic studies of T or a ceil i"' 153 uc ^ rn 

IL-Z receptor «w =• r a£ -i 1 „iw via a cuanvicnu- 

TCH activates prtosptionpaseC activity via »« nCD45 . 

d e,^ntce,, S (Kore^^ 

i989).inm.cein«r..cnmauu«y9.< 

T ce.l aeveiopmen; is .mpaned «» ^3 

P^^ve Mage ano a reauced ™«"^ d8 - 

iccted » me per.pner,. HawSvari jjotnihe 

vel0 p normally ll^nmara «aL. ^ e 

S mat C045 has a cruica. -le in bom 3CH- and , 

Smaes irt T ce»s :uggest .naj a 
pnoryiation m UCK. in ryn. at wnenobospnory- 
tned. * assocatM «,in fliminisneo Kinase 1 

m ay oe a conseouence ol an ~ 0, ^^ ain ot me 

of^pn-Pn^^^^^S^ extern. 
PTK. m CD45-aet.cient caus. u« ana. to * 
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,. An^m. B.c.*<x ***** Tym*»r mown°P>°««>» 

B CcM 



TCcu 



SteKmsstS 
Oomwcam «wytne» 



Omen 



TCR:COS».m BCfl iga 



; 
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PUtt 
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Fyn are nyperpnospnory^ at tn* «*9j£ £™ 

ol me negate regulatory »im (S*n et a... i4S3). CD*. 
J^epnospnory.ate mi* »» * v*o. ««"^. ^ 

C045 may c^nosphoryiate me negate « 

r« a Jdaiy eapressea PTK mai a melt nomoi- 
SS'fSSS at a.., 1S911. egression 

S Moreovaf . ^ne «nea of CsK overe*p<«*an can w 
SesseToy exposing a mutant Fyn »nos. negate 

Km one or tne proposed CsK mm of act.on. Tfc* 
ne^usol «>e pnosphoryationof «■ n^e regulatory 
Sne sTc PTKs may oe determ.na.J Dy tne ,a.an« 
oi a « ies o, csk ana CD*5 (Figure <)• Tr.e mecnam«n 
n, wrticn CsK funct.on is rsguiaieo is not Known 
Cfun"on(« of ire afferent eitraceHu.ar doma* * 
c£ Sms » not yet Peen 
Been suggested mat i.ganas may regulate CD*5 PT m 
S;.£« stimuli ano .nn.otory 

,o tn. v«. 0 u3 CO*5 ,s«orms nav. seen owerveo 
maMiridge i99i>- Recent nuo.es «m cn.menc 

« t al 1993" Mov is *! at-. 1993; Voiarevic et at.. 1993) 
Ho^ve tuS w«n a cnimeric receptor PTPase a* 

r^M^^onoraepnospnoryia^ 



poor***! fouov-ng TCR stimulate <Sto«er et 1SS1). 
Consequ.nce* of Antigen Receptor Induced 




IU-2 Gen* 



TC8 

Ntx . in „ m mm*- « GAP mm * "« »^ j TnC 
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w ^latinnsajenoi Known. TaDl a i icy- 

« J> SuwTCRttW W« oeen implicated .n cellu- 
aowosweamoftn* ^ ^ activation of 

eKS^^>r? iead,n9 tQ 

u^oracriptional activation at the IU* a«ne 
Artlralkw «f tn. Phospft«t/tfyl/flo 5 /»< (PO 

Second "^^^p^aetwylimtw*"^ 
S n'f PI VsS'phosphate yieicmg «« second messen- 

fnsi These second messengers am responses tor nw 
SwTlwSaiicea rapid and sustained .ncrease ai 
SS^L calcium and 

r-soonses is the transcriptional actrvauon of the lL-2gene. 
S« suppo^ a re,, o, me « P?^ 
induewn of lU-2 transcription nas been renewed 0"e*- 
SSLten. .987, and includes the ^effects 
rfreaaents that Increase \p#\ and acuvate PKC. *e 
SS^ectsc, enumerators 
tM ability to induce iL-2 transenpfon v.a a hrtftrotoflou* 
2tJ«S-coupl«i receptortnat activate the PI pathway; 

^ceflulkrsignalsinindudnglWgenatr.nOTc^ 
Xugh tne activation of we il-2 gene m the wanes 
aoparem activation of tne « second messenger 

second messenger pathways have Deer, *•!». 
tih atoehetnical ana genetic data suggest that the Ten- 

^fc^^oeXnoWon of PLOrJ * 
I^Jd« 

w sen iatior. (Carter et al.. 199V. Hempel « <u- 

^ mechanism oy which me TCR P-W££ 
„,1 not dear. PTK growth factor receptors mteract 

n.JLot* « au. 1992). recru.tment of PlCt isozymes ra 
SnSS "cR or 8C8 has seen « to cetea 



PlCi was reported to cotmmunoorecipiiaie with Lch and 
PLC T i wasrepo.i™ <j 0 man witn u:k was 

a " 'T22 ilSr IS 1992) Howev-r. action 

SEES ,a " s ,o ' nauC9 me -T 

Si* U* or to inauce PlC 7 i pnospnoryiat-on 

X £^0^ and action of PlC t i recces u* 
SZ (Straus «d we*. 1992; we** et a,., 
1931), tne interaction may De ^direct. 
The ca/cJ B ntfe«W«e"ri« Connection: A Lin* 
£S [flUB* Memtrane Sftjnri Transducer, 

SSa^JSSS me [Can increase ^ 
J^reSrwwa series of stud.es aimed at elucdawig 

Sr^acy nas revolationaed me fieto of organ wns 
S^SocKimmunesystemfunaionjnpan.ov^n^ 
S me inscription ol several tympnokine genes -n T 
cS aoiTcsA and FK50S bind to cytoplasmic protons. 

as ^munoph,-. forming cc^J* ■ 
L«IDi0lMicalfunrtons(Schre*era n dCraitree,l99Z^ 

c rbS bom cycophiun and FKBP, me immunophdms 
LrndtcTandre506.r«oectively,arecis-transpept,- 

r mS^SS However, mefuncxionsof the drugs 
r r? ^roS^ry' to 8 ,oc* «^f^ 
"^L a, e dfug-immunopniHn complexes mteraa 
Sty i ^aneurm, a cacum^mcdu -n 
d««ndent serine phospnatase (PP2B) (Uu et aU 

wiul nojr abiilry to irthitot catansunn pnosphatase 

"ZZ nence accounting for the relative spec.toly of tne 
Suno^ve d r S ug S in -^J^ 
Thus « least one eraiai downstream event regulated oy . 
£ n£»* in [Can is « activation of ™^ 
a function tor caicineurin ha: been most nrmiy eaate 
-guiauon of .W 9 en. "P^^ 
protein complexes, whose inductor , ,s s ^ ^ 
and FK509. oind to two key s.es w.th.n ^ 9 rm«tc 

responsVeiement 1 (ARRE-1 . aisoKnown as 
S ! or the NF-AT binding site), can f oncuon mdepen- 

,«ed supunii of caicneur,,. i V w,.p«one and Crawee ^swa 
^Ite etai 1992) Tnese results suogestthat me pnos- 
SSSSli - caicineurin o.ectry or md.rectry «ntr,- 

ESo the action .oi ^^^^SSL.. 
MF .AT consists of CsA-sens.t.ve ana Csa .ns. 
n on«nts The CsA-sensiiive component of NF- a i re- 
Tes as a Primed cytoplasmic proteu! mat ,s trans- 
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loca ,eo to tne nucleus upon mwn B«em stud.es 
St. <ha. tn. cytoplasmic form is a PWW^* 
m-140 m. while «» ' orm ,s ««" fl «« tt » 

Imaiier poss.oiy as a consequence of tne pnosonaase 

second component « nf-aT reuses mducuon of PKC 
jJnUi-fl. ano appears to to a neterddimer of 
Fos and Jun ,amil*s of ration >ac- 

ion (sea oeiow). 
Rax Aeifration tn T CeWs 

Tne CsAnnsensrtive component of NF-AT W«« » » 
abated byapainway giving flaa.aai MGTW.ng 
protein with GTPase acMy- Stimulate of ma Ttt «nc 
BCR induces a marKed ana rapid aeiivauon of Has as 
manifested by its GTP-bouno state (Downward et al 
!992) TCa-inaucad Ras activauon a ma result of Both 
PrX-dependent ana PKCMnoepenaent mechanams that 
may be similar to those used Dy receptor tyrosmeWnases 
Receptor tyrosine Kinases re? una R« acuvny v.» murrac- 
„ons with guanine nucleotide exchange prated such m» 
Sos ana vav, anfl GTPase activating proteins (SAPs) (Re- 
viewed By Poiatas and McCormicK. 1993: Scn.ess.nger. 
1993). Both inhibition of SAP anfl stimulate of guanine 
nucteoude exchange lunaom have Been observed tot- 
ting lymphocyte simulation. GAP is tyros.n« phosphor- 
5k lowing 8CR stimulation, but to a .esser ^extent 
Soaring TCA stimulation (Downward « a... !992. Gold 
el ai 1993) Vav is also tyrosine pnospnorylated m re- 
sconse to TCR or BCR stimulation (Busteio and Barcaod. 
1992- Busteio et al.. 1992: Margolis «t a... 1992); the tyro- 
si ne-pr.ospnoryiat"i form or vav nas increased guamne 
Kudeot.de exchange activity for Ras in v.tro (Guibmset 
at -\ 993) The guanine nucleotide exchange protein, bos. 
and its adapter mo.ecu.e. GRB2 (Schlessmger. 19^. »• 
expressed ub.quiiously and appear to interact w.th cyto- 
plasmic PTKs. However, it is undearwnetnerwey conmO- 
ute to Ras regulation in lympnocytes. 

Recently, the downstream effectors oi Ras fuhcpon 
^erekSenufedipnonlymphOKj cells. Ras interacts d,recay 
w ;in me serine/threonine Kinase RaM. wn.cn regulates 
me activity of a k.nase cascade mat inSudes M«K and 
MAP Kinase (figure 5> (Crews ^ E ^;^% > " "f' 
is act.va.ed in T cells tolling TCR mWW^I " 
al ^SO) In T and B colls, tne activauon of MAP Kinase 
nas also oeen associated wim PKC activation (Nel et al.. 
1 990). This complex Kinase cascade has teen .mpl.cateo 
in me regulation of nuclear events involved .n cell growth 
and differentiation. 

Tne a«.vaiion of Ras nas oeen correlated w«n tne ,r»r> 
•erfphonai activation of tne IL-2 gene. Expression ot an 
activwad form ot Bas. «n.ch has reoucad capacity to n r 
droiyze GTP can suoswuta. in part, lor onorocl esters ,n 
synergizing wot catcium .onophores to induce transec- 
tion driven Oy tne 1L-2 upstream .eguiatory reg.cn or a 
Z£Z« me nF-aT site (Rayter ., a.., i«* Wooorow 
et ai 1993) Moreover, a dominant negative mutant oi 
Hu 'could mmou TCR^nduced iu-2 i^"*"" 
vateo Ras is ..Ke.y to o. involved in the .nductior, 0 . me 
anisomyc.n-sensit.ve ano caloum-.ndepenfleni nuclear 
com^nent ot NF-aT. wnicn appears to oe a neteroQ.mer 



composed of Fos- and Jun-reiatea proteins (Bo.se et at., 
1993 Jain etai.. 1992: Nonnrup etal.. 1993). similar to mat 
mediating AP-1 function. Thus, me imegrat,on ol distinct 
Drenches of me TCR-.nouceo signaling pathway results 
in the activation of distinct iranscr.pi.onai regulators to 
induce IL-2 gene expression 



Summary 

Despite tne differences m the antigens tnat tney recognize 
and in me enactor functions they carry out. B and T lym- 
phocytes utilise remarkably s.muai signal transduction 
components to initiate responses. They both use ol.gc- 
meric receptors tnat contain flisunct recognition and signal 
transduction suounits. Antigen receptors on ootn ceiis in- 
owed wim at least two distinct families ot PTKs v* com- 
mon ssqurnce motifs. aRAMs. tn me cytoplasmic tails of 
,nei. invariant chains. whKSt nave itteeiy evolved from a 
common evolutionary precursor. Corecepwrs appear to 
.cvo « ine.»«« tn« sons«iv,ty 01 Dotn ot these recepto. 
systems tnrougn events that influence l.gand binding ano 
signal transouctrtsn Tne critical role ot tyrosine pnospnory- 
iat.on of oownsweam s.gnai.ng components, sucn as pnos- 
pnolipase C. is tne net result ot cnanges in trie Balance 
of me action of ant.gen receptor-regulated PTKs ano 
PTPases The identification of orjwnstteam enactors, in- 
e ,ud.ng caicineurin ano Ras. mat regulate cellular re- 
sponses sucn as lympnohine gene expression, promises 
tne future possibility ot connecting me complex pathway 
from me piasmamernorane to me nucleus in lymphocytes, 
insight gained !rom studies ot me signaling pathway? 
downstream Ot TCR ana BCR St.mulat.on is iiheiy to con- 
U-iDuts s^nificanU, to tuiure understanding ol mecha- 
nisms responsible for lympnocyte oitterenuauon ana tor 
me discrimination of sell from nonselt in oeveiop.ng ana 
mature cells. 
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